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I. Introduction
Substantial errors are encountered in plug-type or. Schmidt-Boelter-type metallic convective heat flux gauges when they are mounted in insulating structures typical of high-temperature applications involving aerodynamic heating (heat shield) and rocket engine exhaust gases (rocket nozzles). Because of surface temperature discontinuity (thermal mismatch between the gauge and the structure), the thermal boundary layer is altered, and the heat flux ) suggest that a variable surface temperature distribution can produce a marked increase or decrease in the local and average convective heat transfer rates to a surface in both laminar and turbulent flow.
For reviews on this subject, see Diller 7 and Neumann 8 .
Correction factors have been proposed previously based on two-dimensional (2D) flat-plate boundary layer integral analysis with power law velocity and temperature profiles (e.g., Rubes ins , Reynolds et al. 1, Westkaemper'1.
These analyses are based on constant thermal properties, and suffer from a number of simplifying assumptions. 
The corresponding local heat flux ratio is expressed by 
where
The factors F and H are defined by (7) where ck = 1. Later, Knox l7 pointed out an error in Westkaemper's equations for F andH.
it was shown that the correction is provided by (10) condition is considered at x I L = 2. The variation of viscosity and thermal conductivity with temperature is accounted for by Southerland's correlations l5 . A constant value of Pr=O.7l is assumed. Doubling the number of grid cells in the wall-normal direction has changed the local Stanton number less than one percent, thus ensuring grid independence of the solution.
With regard to the surface temperature discontinuity, a study by Nansteel et al. 21 has shown that the heat flux generally exhibits a non-integrable singularity at the temperature discontinuity, leading to an unbounded heat transfer (integrated heat flux), as the streamwise grid spacing at the discontinuity is indefinitely diminished. Under such circumstances, the numerical solution for heat transfer is dependent on the streamwise grid size in a logarithmic manner. (Figure 3 ). At any lateral plane of the gauge, the flow is assumed quasi-2-D so that an areaaveraged heat flux correction factor hA incorporating the 3-D effects can be estimated based on the 2-D results (both variable property CFD and constant property integral solutions) corresponding to the geometry and boundary conditions in Figure 2 :
Calculations suggest that the quantities hA and hL denoting quasi-2-D and 2-D corrections do not appreciably differ from one another. For example, for R / L = 0.01, M = 4,Re = 10 6 ,T w1 / Taw = 1.6, the quantity hA is only 2.5 percent higher than h L . The emergence of a new thermal boundary layer past the discontinuity is evident. The corresponding contours for the constant property solution are displayed in Fig. 4b .
IV. Results and Comparison
The distribution of local Stanton number with and without the temperature discontinuity is sketched in Figure 5a . which is valid for air (Pr=O.7) and 10 6 < Rex < 10 7 . Satisfactory agreement is noted between the CFD result and the correlation. Because of the relatively low Reynolds number, the boundary layer is initially laminar, and transition to turbulence is occasioned shortly downstream of the leading edge (Kandula and Wilcox 22 ). In the presence of a step-wall temperature jump, a sharp rise in local heat transfer coefficient is noted near the discontinuity, followed by a decreasing value with distance from the discontinuity as the newly formed thermal boundary layer thickens. Consequently, both q2 and ql are expected to be affected by the variation of properties, the effect on the former being more prominent. shown for M = 4 (Fig. 6a ). of Mach number on the heat flux correction factors. The results reveal that at a given value of rp ( rp is negative here) the correction factor increases as the Mach number increases, as is to be expected owing to the role of compressibility and property variations. However, if the parameter Tw2 I Taw is held constant, the various lines should come closer.
V. Conclusions
Comparison of 2-D correction factors for convective heat flux gauges submitted to a surface temperature discontinuity as obtained from CFD indicate that the effect of property variations is significant. It is also shown that the constant property integral solutions are inadequate for predicting heat flux corrections, especially for small gauges.
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